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preparation of methyl formate 



10 



• re .a<es to a process for preparing methyi formale, to an 
The present inventron relates ^ ^ been pre . 

p^ed by this proeess and ts to be used, m p 

• „ in industry predominant* for the preparation of formic 
Methyl formate ,s nsed tn m^ P ^ ^ ^ ^ by ^ of 

acid and for this purpose ,s a. P«* P ^ ^ „, 

medrano.^c^monoxtde u^ p. ^ ^ ^ make 

- taP ' em r T euTaL energy-— and tons consider* 
the process inconvenient, unreliame 



increase its costs 



20 



25 



, • A .trial scale use, the technology for carrying 

To seek to perfect the process for — — <^ ofproC esse S 

outt heprocesshasdevelo P edinessenUally^ ^ ^ ^ ^ 

employs a very high CO pressure J* ^ 

nations of methyl forma, . *~ * ^ ^ ^ ^ of 

g.oup of processes makes use o a -to J ^ ^ ^ mixture 

so as to avoid formatmn of salt deposrt ^ 
val ves to make trouble-free operate possmle over 
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' 2 ' w c h the reaction mixture is 

, Q a biRh-pressure process m w meth anol and 

circulated and flows are fed to th d 

— - ^ from - «o 

T, tire . v» catalyst concentration of 

pressure chamber. The p (correspond.*! 
-t — 7^ « satt deposits as -I - P-* 

„ reactor is stirred to keep the p 
achievable in prac^e rs 

nr0 cess for ptep^g ^ 

formate, in the to 75% wrth CO, d ressureof 

,„ a cooversron ot nom , from 60 to 1 40 C 

reactor to a coo luiality of points, at from « 5%b , weight of 

reacrormsnhstieamsatapha ^ nthe presence of ftomO. to 5 

^SO^OOharmtiarh*^ ^ ^ „ * : 

— * h an au.oc.ave untti a conversron torn J ^ ^ 

^ with an excess of CO^ ^ ^ a£hieved . f tin ^ % 

0 f ahont 90%, hased on ^ fc ^ ^c y mam 

^onuroensnrefhecondrn- J ^ «<* 



15 
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25 
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posed to be achieved 

t nts In the second stage of the process, ^^\ y subc oolin g the 
reactants. In ui nrecoole d carbon monoxide 

w bv introduction of precooie reqUire a mg n 

only by m fost stage . Botn m preve nted. 

mixture coming from wc encru station are to be pre 

ta order to avoid precip" 3/h has been ae 

, ouday.thefremendous^ 
the remaining intnnsic risk o 

• efforts to overcome difficulties 

— rrxr^--— ---- 

ln the first zone, about 75-85/c d into methyl formate un 

• f the reaction mixture and by rep Qg examp i e , 

this process gives a proau 
term individual experiment. 

• „„A for the sudden 
• u ti«v for monitoring and tor m 
• nt too requires a high outlay for m ng 
30 This process vanant, too, cQntrol to be adapted 

. .u. rn streams and me 
changes m the CO stre 
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components cannot be avoid 

downtimes and a farther redactton tn the prod 

. DE A .i95 06 555, methanol is 
, ,„ a farther high-pressure process desert e m ^ ^ ^ ^ fc 

me presence of a rdattvely low candy* ^ ^ ^ ^ 1S 

weightof aikaUmeratmenroxide tna^ac ^ ^ monoxide 

opposed .0 he achieved hy parttcu^ ^ ^ ^ by Wowing „ 
^ ,„ hrtrodueedin-hereacnonmr^e,^ .^-^ 
O » by means of a je, nozzie. The CO -« ^ ^ mixture 

W reactor cascade used can have a P ^ ^ rt 

" ^--^r^-aeiJis^S^^^ 
according to the examples, the proa 

5 . reaction mixture. However, 

sacred methanol is re-ased after di— o^ * ^ — rf 



111 



20 



25 



^culauoa of the catalyst is not provtd* ' ^ fc catalyst 

soHd waste are formed after wo*-up of Ore « P ^ ^ ^ ^ 

^^Furthermore ' ^^Cosi ^ °' — ns in the p.- 
m principle involves an «— * - doN l ti mes which will drastic* reduce 
so that here, too, one has to expect plan. d ^ ^ 

to mtrtnsieafty good product , capactrtes ^ ^ ^ ^ ^ ^ ^ 

h addition, the capital costs of ep factory, 
pressares.soma.theeconomtesoftheproces 

, make it possible to achieve a high 
The abovemenftoned high-pressure process ^ 

disadvaabtgesdescrtbed.cspectallyhtghcap 
components. 



30 
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geoeraHy avoid precipiU«on of sate. LO 
various embodiments. 

«s for me continuous preparation of 
Oerman patent »o. 863 * - been described in German 

methyl formate, an improved rf so4ium ^anoiate contammg 

patent*. 880 588. Indus pr cess » ^ 59%by welgW 

L..2*^— ^ b JL- earbon monoxide a, 
of sodium metboxide when usmg > ^ b ^ pIQCess of Oeranan 

fto m 85 ro 90«C under a pressure °f from ^ md fte carb » 

p ate n, No. 86a 046, me — » 'J fc reactoI , wW ,e in me 

m „„oxide are passed onee . «~« ^ ^ .„ cocun-en, 

' impro ved process of DE-C-880 588 *e ^ ^ 

JL* Ote reactor. Tbe reaction - P ^ ^ ^ ^ 

pbase and pressure „ « - « - ^ period. 

top to ** metai alaanola^s — dultog passage mrough Ore 

b L improved process, me * ^ ^ togethe r vrim me CO 

react „r and excess memano, are vapor pK s S u«s. Tbe flow of 

stre am in amounts coraeap.nd.ng £ ft- fc ^ as com p,«e y 
the CO sraeam sbotdd be se, so** fc ^ is .ooied ,o 

• obtained in this way contains from 38 to 
The m ethanol/methyl formate mature ob ^ is Uke wise 

DE -C-880 588,ayieldofonly3.1kg 



15 
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, ,70 I according to the data in <he working example. 
. reacror having a volume of 770 1, accor g ^ ^ ^ . 

«. corresponds to a production on. of Ore ,ues«on for production 

paction capacity as iow as una - co^* „ 
on an Industrie, scaie. U, add— *e onus, g ^ ^ ^ 

acconrpanicdhyconsideraHed^va^ g ^ ^ ^ ^ 

a progressive reduction in the ca * ^ ^ catalys , 

nation of aMi — I «-~ F ' ^ mi . ^ponding amoun. of 

fining methanol always has to be drs^g ^ m 

rjl. .aSg carhon monoxide and for 

> -in:-—* 

„„cess for the continuous preparation of 
Canaan parent 22 43 ... **- ^ ^ gases com- 

mefl ty. formate, in which methanol . rf ^ „ to U% 

dually cooled trays. 

a ■ .he range from 40 to 150 bar: and the 
me CO partial pressure shouid be m ^ ^ 1500 second , 

Th e reaction mixture obramed a, *• « ^ , „ OT xed up by 

eontains from 20 to 70% by werght of me 



20 



25 



30 



. , «, „f the complied column consu-ucuon, a major 
Apart from the high capr.nl costs of .he P ^ ^ mon . 

^advantage is .ha. only a fructron of the comp rf ^ „ 
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. f * - iesidues *" * e 

problems in disposing of the cataly 



distillation. 



™a methyl formate, in which 

m e*ano> is — -* «> - *»» » ^ ^ ^ _ 
to in .he presence of from 1 to S m M rf . ^ alta ,oe 

t „ from ..7 m 13.5% by wergh, of » ^ ^ , o ^ 2 „ 

c*a,y*. The proeess is controUed so - ^ ^ ^ ^ ^ M 

,0% of me alcohol used, as a resu. ^ ^ ^ product . 

completely avoided hu..heeon K n, of me* ^ ^ up by 

ody 1-19% hy weigh,. vrZ^^ „ f energy becaoseofme 
d «»a,ion, which retire, ,an ^ fc heat of reacn0 „ in « 

to. methyl formate content, even « ^ wth 

inW ated heat sysKm. The me*anol ^ „ ^ Ugh 

5 me cata^dUsoWed therein is retum^m P ^ ^ „ 

—ion of ^^^.eproeeaa.lnaddi.lo,- — 
of the gas comprising ^ 

orocess for preparing methyl formate, in which 
20 DE -A-« 09 731 rehr.es .0 a prcce*. V ^ . gases 

oredrano. is parri* — * - ™™ * ^ ^ . pressnre of from 10 .0 
coding earhon monoxide - «- « « ^ q( {tom „ „ , 5% hy 

300 bar (in .he working example, 57 > ^ ^ ^ CO 

w eigh.ofmxa.ime^me*ox,de.Them«na ^ ^ 

25 and passed ,0 an af.er-reae.ion .one where ^ ^ ^ ^ 

tatt oduc.ion of siting ^ ^ ^ ^ „ ^ „. 

of methvl formate in the reaction v 
eoneenBahonofm.Ayl 



concentration 01 u»«v 
eneIgy balance for me process is onfavorable 
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ng methyl formate in which a 
DE . C -27 10 726 discloses a process fa :** methoX1 de or alkaline 

solut ion of from 0, to 23* by we lg ht ^ & ^ ^ ^ the 

- — - hOXid V n 1 r- -ose upper part contains a g as 
liquid phase is present m a lower The reactlon IS 

i.— - - • 110 ba " * 

c^ed ou, a, from 70 to 110 C an P ^ _ apparotus (e . g . au 

met ha„olic calalys. solution >s fed ^ ^ ^ „ te 

Yemeni plale) which — - ^ inje ^ , m to huhhles 

g as phase, or wMch tows m gas f*>m the g 

intt ,heliqnidphase(e.g.aVent U rihthe). 

we liq »id ehentt oontanrs a heat exch^ = ~ ^ ^ 
tOTP era t nre in Ore eireulanng hnntd and a po^ ^ „ 

5 rr^rai-wo^nphvdi—. 

, u is advanlageons for thermodynamic renins to se, 
wording to this document ., ts adv S a ^ ^ te rea c,on 

fte feed of starling materials and * rf methyl forro a,e. If the 
20 mi xmre contains from ahon, 44 »<, ^ having . m ethy. forma, 

formation of precipes ,s accepted, ^ Me 

e— - « % » C l^ to I document, this is based on only one 

opposed to he tolerable ^ tim e. ,n any ease, snch precipe 

mdividnalexperimen. earned o^-U ^ ^ ^ ffly 

25 ,ead to increased abraston of the J rf ^ formate a 

imping emen. elements or Venhm ^*u ^ ^ ^ ,„ high 

mixtu re containing only Horn 44 to 65/, by ^ ^ ^ catalyst 

eneIgy costs. High operating costs (i „ 5 of 6 examples, 2,% 

caption caused hy me lugh ^ ^ ^ disti „aUon residue. A 
M by *eigh.)andfrom*eexpenseofproperly 
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ss is tha, an increase in the methyl formate 
Wher disadvantage of the „ in ^ produerion eapaeiry. 

conrenrofmereacrionprodoereausesaredu 

de ,„ overeome the disadvantages and 
Varrous adempts have also ^ ^ ^ jesses by means of 
difficulties associated wtth the abov 
rou ,esourerrhan.hose followed hitherto. 

„,,„ r improvements in the production 
eapad.yhy^onofcomp.e-g^^ ^ „ ^ m eta, 



10 



15 



perftuoroailtanesuifonates (EP-B-0 596 ^ ^ ^ ot 

^ 25, 1 12) have heen descrrb^ 0*e ^ ^ ^ o( 

oth er cataiysrs auch as „ have m e disadvantage that drey 

^es with ethylene ox.de. These p md (hese mate , 

tatrod uce addidonai organic — ~ * ^ „ to Refits 
ials have to be disposed of „ ^ te purchase pnce of 

, *~-rrir ---- 

u-ouble-ftee manner, m goo emp loyed. 
^pHeatedaddiUves if the process descnhedh 

■„ a orocess for preparing methyl formate by reacting 
The present invention provdes a proce* P heric pres sure and a. 

B exKSS ruethano, with carbon mono td - J ^ „ atata eaA 
elCT a,ed temperature in the presenc o , a ^ ^ meth> 



O.Z.0050/50505 

10- 



10 



. . ftt i east two reactor elements 
. , out in a cascade comprising at least tw 
me reaction is carried out in a c 



a tfrom80tol20°C 

^acar.onmono.depressureofrrom.lolSO.ar, 

in the presence of from 0.05 

feed, of an alkali metal alkoxide or alkaline 

• , frd in per unit time, the reaction 

remperature, the pressure and the restt^ ^ ^ p both me 

*— «e set so that a, M « ° ^ »ader .he 

-rr^S - — — reMins 

reaction conditions in the reactor 



15 



unreacted, 



20 



„ is passed to a stripping apparatus to whieh 
ta toto! otopu, " ^ dfr o m toereae t to nmi xtore, 
essentially the methyl formate is strrpp 

,• 'A ohase is reeireulated to the reaetor and a par. TA 
a par. TR of toe remaining hqutd phase . rf fc ^ ffletal 

that solid precipitates of alkali me 



25 point in the process, 



O.Z.0050/50505 

U - 



-11- 

removed solids-free 

5 , pref erah,y <*» 2 » *■ ^ methyl formate - d *-T 
to nrixhrre, consisting — * *» ^ IeacKjr ca scade . 

Ktlve and consumed - ^ essenti afly of CO « 

„ .he co-containing gas mature. Pre 

• • „ re ferably carried ont at from 90 to 1WC. 
The process of the present ntvenUon J ^ ^ ftom , 

The preferredpressure range extends fromU ^ ^ „ ^ 

15 pressures, but this would result m 



present invention being lost 



20 



• • o« alkali metal alkoxide 

or alkaline earflr metal — * ^ md potassiM n nredrox.de, 

« «- methoxides, in ^ ^ Under particular process 

wW ch con also he used in admrxhn * »>* „ . 

Virions, e.g. if higher titan ^ ^ advant ages. 

WWidua, process stages, rhe use of po- rf ^ su „ 

Purel y economic aspects, e.g. the « t ^ or m fevor 
may also influence the decisronmfavorofo 



m<xy — 

of the use of a combination of these. 



,oivticallv inactive substances 

2 - - - 

by unavoidable second^ — o( COj teadto me formation of 
,„ hydroxide or alkahne earth metal hy 
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ato U «- formate « -*» ^ ^ hytoxi oes with carbon — * *° 
forms alkali metal formates or 

f rmed from the catalyst by secondary 
AU the catalytically ^ ^ - as ^ cataly, or as 
reactions will hereinafter be referr 

-catalyst degradation products'- 

• • from 0 1 to 0.3O/O by weight, for example 

a otalvst concentration is from 
0 The preferred catalyst co eUqu . dfeed 

0 2 o /o by weight, based on the weigh 

• f the catalyst by secondary 

• • w been found that consumption § 
It has surprisingly been casC ading of the reactor 

actions can be significantly redu. by t ^ ^ ^ , 

l5 « could be attributable to the £ ^ ^ ^ the indl vidua 

larg ely suppresses b— of c-^ ^ 

catalyst is fed in. 

omically valuable conversions oan be 
This 8 Wes *e at.van.aee « ^^ntratioos^nd that only relatively small amounts 

25 of consumed catalyst have too 

t 30% of the catalyst is 

-r.tunr- — — — 

downstream worn u F 
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• •„ decisive for the economics of the 
^^eahsoiutevaioeofca^stco^phoo ^ fc synthesis 

Recess. Owing to the low caiafys. valu e is considerably lower that. » 

fa 10-50% strength by weight (in *^ 

^e as concentrated as P-^^J^ ^o, 
0 fotexamP^O'/.sttengrhbywetghr.nrerrr 

• ac ,or is advantageously regnlared so 

tor the molar ratio o 
preferably from 2:1 to l'.l. 

^isinereased'ifntegasisiot^ 
Fut ,hermore, the flexibility of to ^ „ of Ore reactor 

etther ar the firat reactor eiemen, or a ^ „ Wtng able . be 

** "» * T^olt — — ■ deshed reaction condttto, 
varied as required m order 



20 therein. 



d of the reactor chain at 

^ehutecarbonmonoxidefFtgnro,*- 



(Figure, "No. 6) is taken off. 



25 



t has been found to be 

carrying on, -be pmoeas the reactor eiemen. so 

pearly advantageous to set rf ^ heat ot teacflon » 

to 95%, preferably from 8" 5 t0 2 5%, 



. . „ en erated in the second 

LsecUo, Here, me subsecuons „ ^ ^=4 - * <*• 
ot a plummy - — ^ 35 . 50% of the hea, of reacuon ts 

re aotor elements - -.rolled*. „ md from 5 to 1SS of the hea, of 

genemtedmeachoftheWand^- ^ ^ ^ ,0% - 

lotion is - <- ^ ^ .1 be in rhe « second and 

46%, 46% and 8% of the heat of reac.ro 

tod reactor elements, respectively. 

eraK to reactor case* so -t^te last reactor elenteot in 
I, is also possible to operate the r 

to chain is cooled only by *e feed. 

. . of to economics of me process of the 
I, is particularly advantageous in terms ^ pIoduc , 

Jnt invennon to choose reaction c— • ^ y% by 0 f 

sri^--— -- — -~ 

,„ match rhcinttoduetion of rcaconts 
Porthermorcitise— ^ , 0 to ^, P^h, — 

t0 99%, of the carbon monoxiae 

m ,xed in the reaction zone, and good 

oispers ion of me gas mates a . nozzle ot ,„ disperse i, mthe 

25 ous to introduce me gas into to reactor hr g^ ^ ^ fey f 
^torhymeansofasuiuhlesttrrer > * ^ ^n 

. external circuit for each reac or - « Kactor ele men., or as a 

monoxides-ream can he mtroduced^PO ^ ^ ^ ^ 

otaality of substreams at vartons pomts 



30 elements. 
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invention by the riM. - ou( „ der to pres sure empmyed 

to the synthesis. However, . much ^ to 

t0 a. temperatures quired for the ^ ^ ^ ^ ^ 

action mixture to a pressure of from ^ ^ „ small as 

ups ueam of the stripping apparatus ^ ^ 

^sih.e and to avoid condensatto ,nth» P ^ ot 

of leased gas obtained ,s coo ^ ^ ^ ^ 
anient temperature, to con use em ^ ^ ^ ^ once 

advantageously all recycled to a pomt 

more fed to the synthesis. 

f , he reaction product remaining after depressunzation 
5 Th e total ticuid phase of me reactio^ ^ ^ ^ ^ of 

whi e„ consists of, for exam p e a mtx ^ ^ ^ ^ 
methy , formate, jus. under 25 A by rf ether> carbon 

(decomposed and undecomposed) togeme ^ K 

Loxide and further inerts, is . certata proportion of 

20 vaporize me major par. of *• methyl a. the same time. For me 

te methanol presenr in me reactton pr^ - ^ ^ ^ „ . 

vaporization of me ^ *• ^ ^ pteftrabl y 

advantageous* reduced furfcersc , ,^ Ptes ^ „ _ 

fronr 1.5 to 2.0 bar, is eslabhshed a, fl* »P ^ ^ prKent m 

» paftoftineheatofva^t— ^ ^ ^ by ^ heating o£ the 
the „o. reaction p«** Th ^ 
distillation apparatus or by supply 

A , „ fthe memyl formate prepared, the reflux ratio in 
Depending on the desired purtty of the tnetiry ^ methyl 

30 dte distillation apparatus is se, so that ftomS5 to 9 

formate can be taken off a. the top. 
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■ ■ „ after the methyl formate has been 
me part of the reaction mixture — gj ^ ^ 

separated off consists easenftaU, m«ha» ^ ^ back 

eataiyst- This solution is divided rmo apart T ^ fc ^ 

t0 tta reactor cascade and a ™ ^ „ . ^on „ f the alkali metal 
m en,ioned above, the TR:TA <*££L - degasse d reaction product. 
tor mate or afcabne earth meud *»- •» s of alkali met* 

„» the obieeftve being to - <* ^ „ ^ 

^ or alkaline ear* — - «» * " » deactivattd eatalyst leavhtg the 
„. to and TA so that the amount ot oe consu med 

■ *~*->~> -rrr: :r£.- ■«— 



leaves the process. 

15 



20 



earth metal formate eonten. a, the reaeto 
pre ferab,vfrom0.uo0.3%bywe.gh.. 

«. ,0 to 80% of the catalyst-containing methanol 

^r-rs - : - — - — " " 

^ncon^roperationofthesynfttes,, 

• • „ oatalvst and catalyst 

, degradation products is — * ^ ^ ^ additional hear are 
purpose, sufficient steam and/or hot apparatus for the methanol to be 

luuduced into this hcuid Phase m* *-« ^ ^ of ^ eatafys. 

essentially comply vaoonzed and Jo produrf . 
degradation products to be obtamed. The exp 
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ftom residual acbve catalyst and waler. 

t <m that the catalyst 

mi iB delation products are of catalyst degradarron 

g e„eral, «. * £ ^ ^ apparams is *- 5 « »* * 

prod uc K in me acueous ompu fro ^ g% by weigh , 

weight,preferablyftom6U>12/.by 

^presaure^ntatoe-pre^y^B,^,,,, 

0 Ptefembiy, steam at a pre 

,he form of direct steam, rs fed tour 

,, nnerate me desalting apparatus as part of an 
Hiaofpatuoulareconomieu^-^ ^ ^ ^ vapor 

imegmted heat syslem «i«b .be — ^ PP^ ^ 
1S .eavingtbetopoftbedesalringapparamsbemg 

20 • thanol containing residual active catalyst 

present. 

din the synthesis has to be fed to 

from tbe ^^^1^ - * — *— " 
the reactor cascade. The mem 



25 
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be recycled from other 
^-grade « «^£Z£1ZZ. acid an, — - • * 
^ e.g. ft. « ^ Lp«o», P^nce is *- » « 

.o — ' v«V .ow - ^ ppm , prefetably ,ess than 30 ppnt, 



. verv high conversion of therms, it is 
For rhe same reason and ,o achre« q{ . „ mixtut e comprising 
ad vantageoos «o use cnrhon — ^ - ^ 4 , „ 100% by vo hane, 

carb „„ mono* and havmg a CO co ^ ^ ^ fcy wlum , 

nmorise gases which are inert under the 
a «hase may comprise 
The cocontaimng gas ph hydro earbons. 
15 conditions offtesynthesrs, e.g. hydrog 

. of the present invention is operated as 
Undercer^condinons.e.g.fftepro-o^ ^ ^ 

part of an integral «— rhelnomieai.yadvan.agenusu.ope^ 
pnoo^enfeondidonsapp.y.d-ai^ec — ^ ^ 

J0 L proeess of fte ^^TJZ^******""^ 
TOl ume of CO. Owing ,o the aW,* of P ^ ^ ^ ^ can ^ 

process conditions, a good yreid of me*y ^ ^ of over ,0 

L aehieved when nsing sneh a waste gas. ^ by te 

L» and even over 95 mo,,, ~ » ^ ^ te yi* are virroaUy 
25 proceaaoffteP^htv^^ ^^..^entage 
100 mol% when using a CO con 
ofCOorpureCO. 
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",. „ oresent invention is ttat the wastewater 
Afuflh er advance of the proeesso^e P ^ ^ ^ „ ppm , 

a rw, m the desalting apparatus com 
discharged from the no methanol . 

generally about 20 ppm, of methanol, 

,ed using river water and/or cold water, 
^eooler employed inthe process ,s operated usmg 

. ,on makes it possible* achieve, a. low catalyst 
m pr „eess of me present — ^ J ^ ot ftom 400 to 

concentrations and Inlermed ^ ^ 80% by weigh.. 

ov er 1000 kg/m% a, final melhyl formn, - ^ ^ . 

, Uelowcaulystconcenhafionneees^ ^ fce Wgh 

^ material costs, wh«e »£ZJL>. - " «" 

capital costs for high-pressnre plan s ^ occur , as . 

invention aUows tire plant . be eonno ^ ^ rfthe pUnt 

of which blockage problems are e ^ is 

sigrafi ca„tly higher man in tire ^ ^ consito b,y smaller. ™= 

- °f * <° be very Uttie en«gy and nevermeiess leads 

work-up of me present inventron »*« ery ^ ^ ^ ^ fcr 

t „ a melhyl formate whose concentranon so 
kvrtrolvsis to formic acid. 
20 further reactions, e.g. hydrolysis 

c ,k. nresent invention is its great 
A fintirer advantageous feature of ^ * ^ ^ one wi shes to 
a b HHy to be adapted ,0 changes ^ ^ ^ FuItheim0I e, 

mak e in order to set a pamenlm deared , * ^ ^ ^ ^ ^ 

25 the process can also be carried ^ rf catalyst and different CO 

apparatus nsing different catalysts, dtffemn ^ ^ fact 

pities depending on availably A ^ • _ , valied with in 

« tire parameters of tire process of the p ^ degradat , on 

w oe .Units without — ^Inle el me. — . - » 
30 prodocts, e.g. alkali mend formates 
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reas „„, no *> M depo* «. formed on «he g ^ m 

the dividual plan. secttons aTO ided. 
ofta own high-pressure processes, are 

be controlled bom via .he po-ta of toe 
The conversion in toe reaction -J* fcy o( pre ssure 

^dynamic er.uiHbnum, ■ ^ o{ ^ reaotants tn 

^temP.ramre.andviatoesm.cmom^ - rf ^ 

te reactor. High final —a redu« ^ ^ t0 * e 

. trials which arc oo.au, - * rf ^ have ^ found to he 
r eac,io». CO conversions of from*) 

useful. 

s of ,he present invention is toa, due ,o toe hieh 
A fitrtoer advance of toe process o, ^ ^ no recitculat ,on of 

CO conversion in contrast to capW cos. for compressors. 

.0 process of toe present — ^ ^ - 

bat , which is consider* ahovc ma. o P«- to current nomenciature. 

^ediate-p^ to no ca*st is recircuia.ed. 

„ ta „wn processes operate - *- ~» ^ ^ ^ A ^er 
entire cataiyst used is los, after a smg IP ^^pressure pro- 

eornpficafion — ;~^^,~~~>-~ 

, -otttmediate-pressure processes in which 
ta fc ense of .own iow-pressure - — ^ _ _ fc circul , „ 
3 „ ca^lys. recirculation is necessary, 
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a hv water. Since consumed 

strict , y avoided because - ^JJZt^^^ 

to be discharged in these cases by metho 
filtration or centrifagation. 

, * . in the process of the present invention part 

lt bas now surprising* heen found ^ tWS ocomring in 

of to on— d catalyst can be recy ^ ^ me 

apparafus components, in parttcular ^ comptoted 

pl0 cess of the present invenuon comp^* ^ „ cany out 

, Ldfing of soiids since it has m . ^.fiee manner and to 

^separafionbypureiy.henrtaid.suW.on ^ ^ ^ 

* — taVenU ° n ""en, invenuon, comprising 
above-described process of the presen 



A) a synthesis group consisting essentia!!, of 
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beatable and coolable reactor 

A1) . ^ror having *™£^JL^~**<~*** 
elements wim feed fines for fresh m ^ 

m e,hano, for »* — fine each for *e reacfion 

comprising carbon monox,de * a ^ . fme 

prod „c, and residua, gas, devtce^g ^ insmmentalion for 
dispersion of the gas stream m me hqo 

nK-nitoring temperature and pressure, 



O.Z.0050/50505 

22- 



ded with cooling elements for 

d ep re s S urtzing the reaction „ ^ gas and 

wuha feed«nefor.hereact,onpro4uc,and 

liquid phase, 

liquid phase and outlet hues 
Kro ai„in g catalys.-eonUiningme.hano., 

d - d - g the methanol stream 

containing res,dual cat* RandTA , , 

distillation apparatus uito the substre 

u worovided with heating and cooling 
e,ements and operates in a sotids de ^i„„ products and 

— rrrrr — — 

solution, 

fnr appropriate transport of 
C) oonneetion tinea and, ^u^ - -^ ^ ^ 

r L„n participants and ^ and outie, tinea for 

sections A and B and feed lines for starting 
me thyl formate and waste gas. 
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Th e fi gure - * — — " " ^ 

— for ^ ti:t y L t^ei — - — — • 

5 comprising a reactor (1) with 
S^on A of *e figure — • *• ^^0, (2), — ed -»* 

tee reactor element, and feed Unes for ^ fe , gas 

staining methano, (3), « ** Une ench for the reacdon 

■ohdure (5) comprising earbon » - - . ^ . fme 

, 0 pr „duc, (6) and residual gas (7) de ^ ^ ^ ^unxation 

dispersion of the gas stream m the , ^ me ie ac,ion 

apparatus (10) provided with cooh* , d«-< ^ produc , ^ 

outlet lines for residnal gas (12) and Itq 

15 „ ^ UB group eomprising a disdllation 

Section B of me figure stows *. ^ ^ fc ^ phasc of 

apparatus (.4, for ^^* e liquid phas e and outle, fines for . 
to .acdon produc,, wuh » ^ lm (»> ^^ng methano! 

essentially methyl formate (16) . ^ methanol ^am contannng 

20 (,7), an adjustable stream d.vtder (1 ) ^ appaIa ms 

resi dual catalyst and catalyst (,9) with inlets 

into the — - - - TA. me so..^ products 
„ methanol (20) conning restd^ ^* (M) m d aqueous sal, 

• M d ho, water or s,eam (2.) and »u - - ^ ^ ftom Une 

2S solution (23), a cooling appals 2 ) ^ ^ ^ ^ fonnate 

(16) of me disdlladon ap^O )» ^ ^ ^ (27a ^ 27b) as 
(25) and for residual gas (26). The tigur 



auxiliary equipment. 
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1 or tube reactors. It is not 
^ raacror *— • can be * *+ 

aecessary for each — « ^ ^ *. fcncuon of 

Kadrer, K U possible ,o use an, ^ readily po-M. - 

a pinr* of reacro, elemenrs ^ ^ w0 , prefel ab<y from 2 to 5, 

I an individual — wbdeh ,s W - . ^ ^ ^ ^ 
„ pardeuUr *» ^ ,0 4, ^uon ^ ^ is taKoded ato 
^ dement, are referred ^WiO-* 

tV . P term "reaction zone also en 

1 table feed and outlet 

liMS for reacts and prodoers and, «n>p ^ ^ ^ „ , 

artema, *-* ^ 1 L a renrperanrre prof., or eise 

„ can be eontroUed indWrduaUy. The easca ^ ^ sysfcms or 

jacket cooling or an external 
process of the present invention. 

♦h«t it can be heated and/or cooled 
, , to con fi g ure the reactor so that it can 
It is therefore useful to contigu 



in zones. 



25 



^andonderbnesforoude.^ ^ ^ ^ 

Mividua! reaction zones as - as, f PP 
^cneuits assigned to tbe reaerron zones. 
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the reactor elements for finely dispersing the 
The devices installed in the reactor or the.** ^ ^ ^ 

— - ^ t^rlded^ into zones to have baffles and/or 

for the reactor elements or the reactor 

stirring devices. 

„ Rl „f to predion Plan, of to present invendon has 
The distillation apparatus Bl « P ^ ^ separaU ng tt 

to ft— of to methyl ^ *™ sutebie for formic ^ 

off b y se.ee.We vaporization. To prep, . . fo[ fce distfflation 
, paction, a simple stripping oo tann > ts g ^ ^ ^ 

^tion Plates, ean if nee^ - te position, oudets for toing off to 
to degassed reaetion prodne. a, sunaP ^ ^ M 

products at the bottom, ana, it w 
20 heat transfer media. 

, d e hero of a eohunn »h„se separation efficiency is 
reaction product via the top. 

for recovery of 85-90% purity by weight methyl 
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- , to 85-90% by weight is achieved- This 
con cen,ration in *e reaction » ^ , 5 . 97% purity oredryt 

^ consider .ess energy ^ ^.invention and ha^g • 

formate. Merhy. • ^ ^ £ weight has .oany indnstiiai uses, in 

mti aUv of a rectification column which can 
desaUing apparams B, consrsts ^ plaKS 

hehearetiorcooietiin^ifn-*^^ fc ^ ^ 

m o is cnippeti in suuahie ^ " ^ ^ ta hot wa«e, and-or s«am, 
, residua, ca*st and ca*,^ ^ ^ ^ catalyst 

outtot fines for *ng off — -£ ^ need s to have a 

l5 -rrrrJ::--^-— - 



purpose. 



20 



region. 



ran be condensed and 

eith er recircuiared to tire synmesrs , up « P ^ ^ 

5 . be fed as gaseous hea, ™* ^ho^ofthedistifiationco.nmn. 
w„„,d then recuire a further vaponzer at th 

However, it is P— '^^^^^ 

— - r rr di:: ^ • * - * h is ^ 

30 the pressure at the top 
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u m to be introduced directly into the 
distillation apparatus as gaseous hea ^ 

distillation column and the desalt, g 

«W, side outlets and inlets for liquid phases. 

f the nresent invention is to 

, * •™- i " , ^r«-^-->--'- 1 " 

* H« ,he above-described solids-free desalting 

^ pK se„, invention further ^ which can be heated or 

^anas consisting assent* ^ ^ ^ has inl * 

wl ed in zones ^^ ^vs. and cataiy, degradation products and for 
formeuvntolcontaintugrestdualcatalys ^ ff distillate at dte 

u bo, water and,or steam in suitaHe posrtto s fom fc ^ and whose 

top and water containing catalyst containing less than .00 

JU„ efficiency is sufficient to ^« lu, 5 to 15 pp m , of water a, 
ppm , preferably leas tan 30 ppm, m particular no 



the top. 



ater supplied to the desalting 
In a preferred embodiment, the steam or hot water J 

p r odnc B ,mparticu.arin*ebo«ont region. 

• «rthe, Provides the above-described combination of 
The present invenuon further pro ^ ^ leaving 

distillation apparatus and desalting appamtu ^ ^ fc 

the top of the desalting apparatus ,s — ^ ^ process of the pK sen, 

30 invention and the apparatus of the P r 



O.Z.0050/50505 

■ 28- 



Example 1 



olume of 2 1 and each fitted with an 
extend circuit with heat exchangers, feed 1 ^ for 

d ,o carry out 12 experiments in which 
Ws synthesis arrangement was use ^ 

me ,hanoi and catalyst m me form of me ^ ^ ^ ^ 

w erefedinatme,opofmereac,orc^eandCO ^ ^ 

, The feed flows are indicated in lame 
5 ^tl^sweteaettomevatuesh^showtrmTaHei. 

f the reactor cascade was depressurized in a 
The product taken off at the bottom of the react^ ^ ^ ^ ^ ^ 
depressurization apparatus to a pressure , ^ ^ ^ 

was coded to ^^Zl Z^^^ 1 ^^^ 
— ^^rte— liquid phases were analyzed for methyl 

*• — « ^ ^ 2* Tld wet chemical analysis, 
formate by gas chromatography and w 

f Table 1 show the experimental results obtained. 
The last 4 columns of Table 1 show 

a ■ the table have the following meaning: 
The abbreviations used in the table 

Hv based on the total volume of all reactors used, 
STY is the production capacity, based on 
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NaOMe is sodum mefcox.de, KOM 



formate. 



orted are based on methanol used. 
The conversions reported are Das 

• • sa to a simple stripping column in 

mea „s of methanol vapor fed mtoth 

f meth ano, and «—* - — - ^T*^ 
The mixture of memano. divide r ftom winch 1/3 ot m 

b o«om of this column , passed ro a * ^ ^ ^ fa the 

„ ^u-ared ,o rhe reactor cases* - ^ „ ^ fed « - 

teahing eolnmn, tire «-** and saH 2 ^ ^ ^ of 

, 5 ^ with 4 har steam a, an ^ ^ ^ off a. 

desalting column. 
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Example 2 



O 10 

Vt 

U 

¥- 

f 

o 
ru 



it S D and provided with an u* . phase m 

stj » - tic:: - - * -c 

phase introduced at the successio n. 
lettrteattooughaUdueeteactotstnsu 

out 19 experiments in which 
This ^thesis accent was m eU, ntethoxide sointion and 

^^y^^lTZto into the teactot cascade. * 

, rt was carried out as described 
, of the reaction product was car 
The further work-up of the 
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